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THE OCCURRENCE AND UTILIZATION OF CERTAIN 
MINERAL RESOURCES OF THE SOUTHERN 
STATES* 

BY JOSEPH HYDE PRATT 


There are many minerals being mined in the Southern States, 
the individual production of which is comparatively small, but 
whose total production is several millions of dollars. The min- 
erals of this group with which this paper briefly deals are: 
Gold and silver, graphite, tale (soapstone), barytes, -chromite, 
corundum, rutile, and a group of minerals that are directly as- 
sociated with pegmatite, as mica, feldspar, kaolin, quartz, beryl, 
uranium minerals, monazite, zircon, gadolinite, samarskite, 
and cassiterite. 

There are a number of the nonmetallic minerals that have 
played an important part in the commercial history of the 
South, and certain of the Southern States now have such a repu- 
tation that if a commercial demand arises for a certain mineral 
that has formerly been considered rare in its occurrence, pros- 
pecting is at once begun for it in certain of these States. 

Among the minerals that were at one time considered rather 
rare in their occurrence, but upon a demand arising for them in 
the arts have been found in commercial quantity in one or more 
of the Southern States are: Corundum, monazite, zircon, 
gadolinite, and bauxite. There are several more of the non- 
metallic minerals that are closely connected with the economic 
history of the South, principally mica, salt, and sulphur, but 
only the first one will be considered in this paper. 
= Paper read before Section E, Geology and Mineralogy of the American As- 


sociation for the Advancement of Science, at the Annual Meeting held in At- 
lanta, December, 1913. 
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Some of these minerals are peculiar to the states in which they 
are being mined, as monazite in North Carolina and South 
Carolina, rutile in Virginia, zircon in North Carolina, gadol- 
inite in Texas, samarskite in North Carolina. 

GOLD ' 


The first authentic account of gold having been found in the 
Southern States was in 1797 when a 17-pound nugget was found 
on the Reed plantation in Cabarrus County, North Carolina. 
This caused a systematic search to be made for this metal not 
only in North Carolina but in the adjoining States, which re- 
sulted in the finding of a large number of nuggets and was the 
beginning of gold mining in the South. By 1825 gold mining 
was being very vigorously carried on along the eastern slopes of 
the Blue Ridge from Virginia to Alabama. The discovery, how- 
ever, of gold in California in 1849 and the exhaustion of the 
easily worked placer deposits had a decidedly retarding influence 
on gold mining in these states, and, with the breaking out of the 
Civil War in 1861, it practically came to a standstill. Stories 
and reports of the value of the gold that was obtained continued 
to be spread abroad and, as the years went by, they lost nothing 
in the telling, and the unsuspecting hearer was given an idea of 
untold wealth left in these mines. The results were that un- 
scrupulous promoters made the most of these old stories and 
reports for furthering schemes for the disposal of stock in min- 
ing properties that had little or no merit; and that many in- 
vestors have expected all mining properties to be bonanzas. 
Failure to realize what had been expected caused a rather gen- 
eral condemnation of all mining propositions throughout the 
South, and it is only within the past few vears that a reaction 
has set in and the general public has been able to look squarely 
and impartially at conditions as they really exist. 

The successful development of one or two good properties 
and the publication of reliable reports regarding the general 
mineral resources have finally awakened a confidence not only 
in the gold mines of the South but in all kinds of mines. 


1 Bulls. 3 and 10, North Carolina Geological and Economic Survey. 1896 and 
1897. Bull. 4-A Georgia Geological Survey. 1896. 
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There is a large area in the South Atlantic States throughout 
which gold has been found in more or less quantity. The greatest 
width of this area as a whole is attained in North Carolina, 
South Carolina and Georgia, where it is from 100 to 150 miles, 
narrowing down in Virginia and Maryland on the northeast and 
in Alabama on the southwest. This area includes a large por- 
tion of the mountain and piedmont regions and their crystalline 
rocks consisting of gneisses, argillaceous, hydromicaceous, chlo- 
ritic, siliceous and other schists and slates; limestone, granite, 
diorite, diabase, and other eruptives as well as certain volcanic 
porphyries. This area extends practically to the coastal plain 
region and is bordered on the west by the Paleozoic rocks. 

The gold deposits that are distributed throughout this area 
van readily be divided into three general classes according to 
their occurrence: 

1. Placer deposits. 

2. Quartz veins, either true fissure or replacements, carry- 
ing either free gold or gold-bearing sulphurets. 

3. Impregnations of free gold or finely divided sulphurets 
in the country schists and slates, or replacement portions of 
these. 

The gold found in the placer deposits is free gold and has 
been derived by the alteration and erosion of the other two 
types of ore deposits. These placer deposits represent a natural 
concentration of the gold that was formerly in the vein or 
country rock and, therefore, these deposits are relatively richer 
or of higher value than the veins or ore deposits from which they 
have been derived. There are but very few streams flowing 
through this area but the gravels of these would pan from one 
or two to several colors of gold. In many instances, by following 
up the placer deposits the veins have been encountered and, 
where these carried free gold, they have been extensively work- 
ed. Often it has been found that the veins themselves were too 
low grade to be worked profitably, although the placer deposits 
were remunerative. 

The richer portions of the first type of ore deposits have been 
pretty thoroughly worked out, but there are still areas of gravel 
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deposits that can be worked profitably with proper management. 
There are many good deposits of the other two types that carry 
sufficient values to make mining profitable. 

The gold area of the Southern Appalachian Region has been 
divided into the following belts: 

Virginia belt. 

Southern Carolina belt. 

Carolina belt. 

South Mountain belt. 

Georgia belt. 

Alabama belt. 
Of these the Carolina and Georgia belts are by far the most 
important. 

In the Carolina belt of North Carolina and South Carolina 
the area is about equally divided between igneous and sediment- 
ary rocks. The eastern portion comprises the great series of 
sedimentary slates, interbedded in which are irregular bands 
and long lenses of voleanic rocks, representing tuffs, breccias and 
flows, of which there are two types, rhyolitie snd andesitic. The 
western portion is made up wholly of igneous rocks. These are 
greenstone, diorite, and granite—to- 





of three general types 
gether with numerous dikes of both acid and basic character, 
each type showing more or less variation and local differences. 
In a general way, it may be said, taking the rocks in order of 
their relative ages, that the greenstone with its local tuffaceous 
phases, is the oldest and most highly metamorphosed rock in the 
area, the diorite next in order and the granite least of all. There 
are at least four types of rock occurring as dikes. The oldest 
dikes are of diorite, which cut the greenstone only. Following 
this series, are the granite and quartz-porphyry dikes, which cut 
both the greenstone and the diorite; next in order are the fine- 
grained diorite dikes, which cut both the granite and the diorite ; 
and last is the series of diabase dikes, probably of Triassic age. 

The region has suffered a period of severe dynamic meta- 
morphism or mashing, consequent upon a great compressive 
force which squeezed the beds into enormous folds; followed 
by a time of chemical alteration and mineralization; which in 
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turn was succeeded by a long period of erosion and weathering. 
The rocks have suffered to a variable degree from all these 
factors. In general, each formation has a massive and a mashed 
or schistose phase, with every gradation between the two. The 
passage of heated solutions has affected all formations, as evi- 
denced by the mineralized zones, the abundance of quartz veins, 
and the high degree of silicification in many belts of rocks, and 
the universal occurrence of infiltrated iron ores. Finally, 
erosion has planed off all the upper portion of the folded series ; 
but weathering has proceeded in excess of erosion to such an 
extent that the region is now deeply decayed, so that only here 
and there do the rocks project through a thick mantle of decom- 
posed rock or soil. 

In the Georgia belt * the rocks are of Archean micaceous and 
hornblendic gneisses and schists and probably represent the 
sheared granitic and dioritic rocks. These gneisses and schists 
are banded in narrow lenticular-shaped layers, from two to 
twenty feet wide. A dark-colored schistose hornblende rock, 
locally known as “ brick-bat,” is of frequent occurrence. Its 
structural relations are very difficult to determine; at times it 
is econformably interlaminated with the other schists (as at the 
Hedwig mine, near Auraria); again, it appears to have no 
regular relation in its position to the adjoining schists, which 
are cut off by it or very markedly disturbed in their strike, 
bending around the “ brick-bat ” mass, and developing a crum- 
pled or folded structure in the schistose laminz (as at the Single- 
ton and Lockhart mines, near Dahlonego). It is possible that these 
“ brick-bat ” masses, which appear to be dioritic in origin, are 
magmatic segregations or blebs, similar to the pyroxenic and 
hornblendic blebs of the South Mountain region of North Caro- 
lina, though, as a rule, larger. The prevailing strike of the 
gneisses and schists is north 20°-30° east, and the dip 
30°-60° southeast. Locally, however, in the presence of the 
dioritic masses, this changes to northwest strikes with northeast 
dips. The rocks are often garnetiferous and contain rarer 
accessory minerals, such as monazite, though to a much lesser 


2 Bull. 10, North Carolina Geological Survey, 1897, pp. 21-22. 








6 JOURNAL OF THE MitTcHELt Socrety [ June 


degree than in the South Mountain rocks. The depth of the 
saprolites in the Georgia belt reaches a maximum of about 100 
feet. 

Diabase dikes, such as are common in the Carolina belt, are 
not found in the Georgia belt. Granitic dikes are, however, 
not uncommon in the Nacoochee region. 

SILVER 

There is very little silver alloyed with the gold that is mined 
in the Southern States, but there are in the Carolina belt a few 
deposits which contain a definite silver ore. This is represented 
by what is known as the Silver Hill type of Ore Deposits, in 
which the ores consist of a complex mixture of gadolinite, sphal- 
erite, pyrite, chalcedony, and quartzose gangue, or as narrow 
stringers in the schists with little or no gangue. 

Most of the silver credited to the Southern States is obtained 
from copper ores, and therefore its production varies, as the 
production of copper changes. It is obtained principally from 
Tennessee with smaller amounts from North Carolina and 
Virginia. 

GRAPHITE 

Graphite has been produced in Alabama, Georgia, and North 
Carolina; but it is only in the former state that the production 
has been of any very large commercial value. That produced in 
Georgia is not used for the ordinary purposes for which graphite 
is desired. This graphite, which only contains a comparatively 
small per cent of carbon, is used as a filler in the manufacture 
of fertilizer. 

In a number of the states, as in the North Carolina deposits 
of Wake and McDowell counties, the graphite occurs in schistose 
rocks, constituting from a small quantity up to 25 per cent or 
more of the rock. The occurrence of mica and some silica in 
these schistose rocks makes it difficult to separate a pure graphite 
from them. The Georgia graphite deposits, which have been 
producing rather extensively for the last year or two, are in the 
nature of a graphite shale or slate, containing approximately 
13 per cent of graphite. These deposits are located near Emer- 
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son, Bartow County, and the product mined is used as a colorer 
in the fertilizer trade. The material is not cleaned in any way, 
being simply pulverized so that 60 per cent of it will pass 
through a 24-mesh screen and all through an 8-mesh screen. The 
value of this material is, of course, very low, and in the total 
production of graphite in the United States it has increased the 
tonnage material without adding very largely to the value. 

The graphite produced in Alabama is the crystalline variety. 
As described by Mr. E. S. Bastin:* “ The graphite is widely 
distributed among the metamorphic rocks of Alabama, in which 
it occurs in two forms: (1) In the feebly crystalline schists 
which have been called the Talladega slates, and which in part 
at least are Paleozoic sediments of as late age as the “Coal 
Measures,” graphite is often found as a black graphite clay free 
from grit. In this condition the graphite is difficult to separate 
from the other matter with which it is mixed and the material 
has not as yet been utilized commercially to any important 
extent. Examples of this mode of occurrence may be seen near 
Millerville, in Clay County, and about Blue Hill in Tallapoose 
County. (2) In the mica schists and other highly crystalline 
rocks graphite is found in the form of thin crystalline flakes 
which may be separated from the associated minerals. Graphi- 
tic schists of this type are now being worked at three localities 
and have in the past been worked at several others.” 

One of the most interesting graphite deposits in North Caro- 
lina is one in Alexander County, about 5 miles from Taylors- 
ville.* The properties upon which this graphite has been found 
are first encountered about 5 miles a little south of west from 
Taylorsville on the eastern and northeastern slopes of Barretts 
Mountain, and graphite has been observed at intervals for a dis- 
tance of over two miles in a direction a few degrees west of 
South. 

The country rocks are schists and gneisses, cutting through 
which are pegmatitic dikes varying from a few inches to five 
(5) feet or more in thickness. The graphite occurs in these 





3 United States Geological Survey. Mineral Resources 1910, p. 903. 
*Economic Paper 6, North Carolina Geological Survey, 1902, pp. 71-72. 
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pegmatitic dikes and is in the form of small particles and 
nodules from a fraction of an inch to six or more inches in 
diameter. Wherever these pegmatitic dikes have been observed, 
they have been badly decomposed and but very little fresh feld- 
spar has been observed in them. The graphite is of good quality, 
some being of a nearly crystalline character. In the deeper 
working there was but little of the graphite stained with iron 
oxide. On breaking open the nodules of this mineral, they were 
found to be nearly pure, and on testing them, no grit was ob- 
served. The quality of the graphite seems to be uniform where- 
ever encountered along this belt, although, of course, some varia- 
tion was noted in the percentage of that stained with iron oxide, 
according as it was found near the surface, or at some distance 
below. ‘There is considerable variation in the percentage of 
graphite in these pegmatitic dikes, and it will not average over 
a few per cent. In some places, however, where the large 
nodules of graphite were found, the percentage was as high as 
50 or 60 per cent. The graphite is readily separated from the 
decomposed dikes, and where it occurs in nodules of an inch or 
over in size, a product can be obtained by hand-cobbing that is 
composed of 90 per cent or over of graphite. No work has been 
done of sufficient depth so that the unaltered pegmatitic dikes 
were observed, but in one opening the dikes were observed that 
were but partially decomposed. If in depth the graphite re- 
mains a constant constituent of these pegmatitic dikes, it should 
be found in a very pure condition as the solid dike is encounter- 
ed and it should not be a difficult problem at all to make a clean 
separation of the graphite from the associated minerals of the 
dike. These pegmatitic dikes are dipping from 30 to 50 degrees 
northwest and have a general strike a few degrees east of north. 
They follow for the most part the lamination of the rocks, but 
sometimes are cutting across them. They vary considerably in 
width, widening and contracting in short distances. 
TALC ° 
Commercial deposits of tale have been found in Virginia, 


5 Mineral Resources United States Geological Survey, 1900-1905 inclusive; 
Economic Paper 3. North Carolina Geological Survey, 1900. 
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North Carolina, and Georgia. The better and more valuable 
variety has been found in North Carolina. 

The Virginia deposits are for the most part the stealtite 
variety of talc, and this State is the most important producer of 
soapstone in the United States. Seventy-eight per cent of the 
product that is mined is manufactured into laundry tubs and 
similar objects. 

In North Carolina and Georgia, especially in the mountain 
areas of these states, there are large areas of soapstone; but on 
account of their distance from railroads, they have not been de- 
veloped. Recently a deposit of compact tale was found in Ashe 
County which gives promise of producing a tale that can be used 
for taleum powders and other purposes that require a ground 
tale. 

The Georgia and North Carolina deposits of tale are some- 
what similar in their occurrence. Those in the latter state fur- 
nish the finest grade of tale produced in the United States. The 
formation in North Carolina in which this tale is found begins 
in Swain County, about 6 miles east of the Valley River Moun- 
tain, follows up the valley of the Nantahala River to near the 
Macon County line, thence ascends the Nelson Creek ravine 
and crosses the mountains at an altitude of 2,800 feet at Red 
Marble Gap. Entering Cherokee County, it follows Valley 
River, broadening out near Andrews to a width of about one- 
half of a mile; then crosses the Valley River and the Hiwassee 
River and Valley in the vicinity of Murphy, and follows the 
Nottely River Valley, crossing the State line into Georgia. 

All the deposits are located either alongside the railroad or in 
close proximity to it. The Murphy branch of the Southern 
Railway passes over the formation for almost the entire distance 
from its eastern end to Murphy. To the west of Murphy the 
Atlanta, Knoxville and Northern Railroad follows close to the 
tale and marble outcrops. Facilities for railway transportation 
at nearly all the deposits are of the best and but little hauling 
by wagon is necessary, 2 miles being the longest distance from a 
shipping point on the railroad. 

The rocks of the tale-bearing region in these southwestern 
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counties are for the most part marble and quartzite, bordered 
by gneiss and crystalline schists. Repeated dynamic movements 
have twisted and folded the strata to such an extent that their 
original structure has been almost wholly obliterated, and in 
many cases it has changed considerably their mineralogical char- 
acter. Part of the limestone has been metamorphosed and re- 
crystallized into compact marbles of the finest quality, while the 
sandstone has been converted into a quartzite which at times is 
almost without perceptible granular structure. 

So far as these beds of marble have been examined, they are 
for the most part free from layers of silicates or quartz, except, 
of course, those in proximity to the contact with the quartzite. 
Near the contact, but in the marble, nearly pure white tremolite 
in prismatic crystals as large as a quarter of an inch in diameter 
has been found. The limestones which were first laid down and 
which were subsequently covered by the sandstone can be traced 
from about a mile east of Hewitts, Swain County, in a south- 
west direction across Swain, Macon, and Cherokee counties into 
Georgia. The width of this marble belt varies from a few hun- 
dred yards to over half a mile along Valley River, near An- 
drews, Cherokee County. The Valley River mountain ridge, 
the boundary between Macon and Cherokee counties, is an anti- 
clinal fold, with a northwest-southeast trend which marks rather 
sharply in some respects the character of certain formations to 
the northeast from those to the southwest. East of this ridge 
the marble quartzite formation is bounded on the north and 
south by a slate, while west of this ridge this formation is bound- 
ed on the south by crystalline schists and slates, on top of which 
are numerous beds of limonite. The depth of the stratum of 
marble has not been determined, but it is known to be over 
100 feet. 

The strata dip at all angles, due to their being repeatedly 
folded, but have a general trend of about N. 35° E. 

It is in connection with this marble formation that the de- 
posits of tale occur. What was formerly supposed to be a 
regular vein of the tale was probably a series or pocket of this 
mineral of varying thickness, lying for the most part directly 
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between the marble and the quartzite, although at times entirely 
enclosed by the marble. No pockets, however, have been ob- 
served that were inclosed by the quartzite. These pockets, which 
resemble in shape flattened lenses, always follow the dip of the 
strata in which they occur, and are therefore encountered in all 
positions from horizontal to vertical. 

These pockets of tale were once much more abundant than 
now. At the present time the only evidence as to the former 
existence of many of these is the occurrence of a bluish clay con- 
taining a few scattered flakes of tale. Wherever the quartzite 
‘apping of the pocket of tale has remained the tale is in a good 
state of preservation, but, on the other hand, wherever the 
quartzite has been removed by disintegration and erosion the 
tale has been either partially or wholly decomposed into the 
bluish clay. In places the tale is found wholly surrounded by 
the marble, as at the Kinsey mine where small pockets or. lenses 
of it are in the marble, but still close to the contact. 

The beds of limonite iron ore are found closely associated 
with the marble and tale deposits between the Valley River 
mountains and the Nottely Valley. The iron ore, which always 
lies to the south of the tale, is sometimes almost in direct con- 
tact with it. The yellow stains observed upon so much of the 
tale in this region are undoubtedly due to its proximity to the 
iron ore. Although there are a number of iron-ore deposits in 
the Nottely River Valley, they are not in close proximity to the 
tale and marble, and have exerted but little influence upon the 
character of the tale. It is in this valley that the most beautiful 
tale has been found. 

Folding and subsequent erosion of the strata have brought 
the marble and tale to the surface at a number of points along 
the valleys of the Nottely and Valley rivers and on the slopes 
of some of the adjacent ridges. In the broader portions of the 
valleys the marble and tale are often covered by an alluvial soil 
which in places reaches a depth of from 20 to 30 feet. 

In Georgia the tale deposits are practically limited to Mur- 
ray, Fannin, Gilmer, and Cherokee counties. In all, except 
Murray, the deposits are associated with Murphy marble. Soap- 
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stone of varying grades of purity is found in almost every 
county in the Piedmont area of the State. 

Pyrophyllite, a hydrous aluminum silicate, which has many 
of the physical properties of tale, is being mined in North Caro- 
lina and is used for many of the purposes for which tale is pro- 
duced. 

The pyrophyllite (agalmatolite) deposits are located in the 
extreme north central portion of Moore and the south central 
part of Chatham counties, and can be traced across the country 
for a distance of eight miles. The principal mining that has 
been done is near the boundary between the two counties in the 
vicinity of Glendon, Moore County. Thev are associated with 
the slates of this region but are not in direct contact with them, 
being usually separated by bands of siliceous and iron breccia, 
which are probably 100 to 150 feet thick. These bands of brec- 
cia contain more or less pyrophyllite, and they merge into a 
stratum of a pyrophyllite schist. Between this and the mas- 
sive beds of pure pyrophyllite there are very often small seams 
of quartz and larger lenticular quartz masses, several feet thick. 

The strike of this formation is approximately N. 55°-60° E. 
and dipping 60°-70° to the northwest. It is first encountered 
about three and three-fourth miles southwest of C. H. Womble’s 
house, and three and one-fourth miles beyond Deep River. 
Where the formation crosses the river there is a good outcrop 
of pyrophyllite, and then at a point 100 yards to the northeast 
and extending for about half a mile, the mineral has been mined 
at intervals. Beyond this point, which is near Rogers Creek, 
there has been no mining, but the formation can be followed for 
another three miles to the northeast. In this distance there are 
many promising outcrops of the pyrophyllite. 

The beds of this mineral are not entirely of commercial qual- 
ity, but there are bands of the pyrophyllite that are highly sil- 
iceous alongside of those that are entirely free from grit. Al- 
though the general appearance of the waste and good material is 
very similar, they can readily be distinguished by the touch, 
and can therefore be readily kept separate by hand cobbing. 

Small seams of quartz often penetrate into the beds of pyro- 
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phyllite, cutting across the bedding of the formation, while those 
between this and the brecciated rock or schistose rock are paral- 
lel with the strike. 

Besides the quartz as an impurity, portions of the deposit 
are filled with small particles, some of which are chlorite, and 
others hematite, giving them a decided speckled appearance. 
These portions vary from seams a few inches in width to lenses 
several feet thick. 

A cross section of these beds will probably not show an aver- 
age of over twenty-five to thirty per cent of commercial pyro- 
phyllite. 

The pyrophyllite rocks have a width of about 500 feet, but 
not over 100 feet of this would constitute the workable deposits, 
and of this but twenty-five per cent would be of commercial 
pyrophyllite. This, however, is so located that not over fifty 
feet would have to be mined to obtain the twenty-five feet of 
good number-one material. 

While the tale deposits of Cherokee and Swain counties are 
pockety in nature and of limited depth, the pyrophyllite forma- 
tion is continuous and of considerable, though of unknown 
depth. 

BARYTES 

This mineral, which is mined somewhat extensively in Vir- 
ginia, North Carolina, South Carolina, Georgia, Tennessee and 
Missouri is usually associated with limestone. There are, how- 
ever, in North Carolina and South Carolina deposits that are 
interesting on account of a decidedly different occurrence. 

These barytes deposits that occur in a line running N. E. 
and S. W. from Kings Creek, York County, South Carolina, to 
the North Carolina line, and near Crowders Mountain, Gaston 
County, North Carolina, are very similar in their occurrence. 
The barvtes occurs in lenticular masses whose strike and dip 
conform approximately to the strike and dip of the schistosity 
of the schists in which they are found. The barytes very prob- 
ably represents the filling of fissures and crevices in the schist 
which may have been caused by the faulting and tearing apart 
of the schist. These are lenticular in outline, pinching or nar- 
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rowing to minute seams along the strike and also in depth. These 
lenticular veins, however, may be found to be 100 or more feet 
in depth and then be connected by a narrow seam with still 
another. They are known also to occur from 100 to 400 feet 
in length and then be connected by narrow seams, or be adjacent 
to other lenses of barytes. The deposit does not always 
represent a solid vein, but is more apt to contain a main seam 
of barytes with smaller seams on either side and approximately 
parallel to them, the different seams of barytes being separated 
by bands of the schist rock. The general strike of the schist and 
also of the barytes veins is in a general N. E. and S. W. direc- 
tion and they are pitching at very steep angles. There is usually 
accompanying the barytes more or less quartz, which, however, 
is found either on one side or the other of the seam of barytes. 
Occasionally it is intermixed with the barytes; then again, the 
fissures and crevices may be filled almost entirely with quartz 
with little or no barytes, but the quartz can usually be traced 
almost continuously for long distances in the direction of the 
strike of the schists and seams. Thus, at nearly every open- 
ing in which barytes has been found, quartz was the mineral 
that outeropped on the surface, the barytes being encountered a 
few feet below and to one side of the quartz. 
RUTILE 

The only rutile that is mined in this country is at Roseland, 
Virginia. The rutile occurs in irregular bunches in a gneiss 
that rises in a bluff 40 to 50 feet above the Tve River and has 
been mined in four open quarries for a length of about 300 feet. 
Along this bluff the ore oceurs in very irregular masses, some of 
it being nearly pure dense white feldspar with streaks and 
patches of rutile, and at other times in the form of small grains 
about the size of wheat. This ore yields about 5 per cent of rutile. 
Occuring in both the ore and the gneiss are seams and specks of 
opalescent blue quartz about one-half an inch across. At the 
lower or southeast end of these workings the ore contains about 
10 per cent of rutile, but it also contains manaccanite which 
cannot be removed by the present method of concentration; but 


* Virginia Geological Survey, Bulletin III-A, 1915. 
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with the introduction of a magnetic concentrator, can be elimi- 
nated. Mining was begun at this locality in 1900, and has con- 
tinued to the present time. 

Rutile has also been found in North Carolina, South Caro- 
lina, Georgia, Alabama, and Arkansas but not in commercial 
quantity. It has been obtained in a limited amount both in 
North Carolina and Georgia and used for gem purposes. North 
Carolina rutile of gem quality has been found at the smoky 
quartz and hiddenite localities of Alexander County; near 
Efland, Orange County, where it is associated with beautifully 
radiated pyrophyllite. Large rough black rutile crystals in con- 
siderable quantity have been found loose in the soil near Elf 
Post Office, on Shooting Creek, Clay County. It has also been 
found in more or less quantity as fine grains and crystals in the 
concentrates obtained from monazite mining. 

In South Carolina the principal occurrence of rutile is in the 
monazite sands. 

In Georgia rutile of gem variety occurs at Grave’s Mountain, 
Lincoln County, and is one of the most noted rutile localities of 
the country on account of the beautiful specimens of this min- 
eral it has produced. 

The rutile of Arkansas has been known for a great many 
years and is of scientific interest. The principal locality being 
near Magnet Cove. 

CORUNDUM 

The Southern States were formerly the producers of all the 
corundum (with the exception of the emery variety) that was 
used in the United States. The first deposits of corundum (not 
including the emery variety) to be mined in the world were in 
North Carolina,’ in 1871, followed in 1872, by the opening of 
the mines in Georgia.* The two mines that have made the 
South famous for its corundum are the Corundum Hill Mine, at 
Cullasaja, Macon County, North Carolina, and the Laurel Creek 
Mine, at Pine Mountain, Rabun County, Georgia. The corun- 
dum from the latter mine is still known as standard corundum, 


™North Carolina Geological Survey, Vol. I, p. 361, 1905. (Pratt and Lewis). 
8 Ibid. p. 361, and Georgia Geological Survey, Bulletin 2, p. 77, 1894. (King). 
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and is considered the best corundum ever put on the market. 
There has been no production of corundum from the Southern 
States since 1904. The credit for the development of the cor- 
undum mined in North Carolina and Georgia, which resulted 
in the building up of the corundum industry in this country is 
due principally to Col. C. W. Jenks and Dr. H. S. Lueas, 
the former having begun the work at the Corundum Hill Mine 
in 1871. 

There are many interesting occurrences of corundum in the 
South and at the present time it is known to occur in the fol- 


lowing rocks: 


{ Peridotite 


Igneous \ Pyroxnite { Granite 
) Amphibolite l Pegmatite 
| Anorthosite 
{ Serpentine { Quartz-schist 
Metamorphic { Gneiss } Amphibole-schist 
| Mica-schist | Chlorite-schist 
Alluvial { Gravel deposits 
Undetermined { Emery 


as 


The principal commercial deposits of corundum were 
ciated with the peridotite rocks and other closely allied basic 
magnesian rocks, which form a narrow belt extending from 
Tallapoosa County, in east central Alabama, into the Gaspe 
Peninsula on the Gulf of St. Lawrence, a distance of more than 
1,600 miles. 

Corundum in Peridotite:—Throughout nearly the entire 
southern portion of the belt, in North Carolina, Georgia, and 
Alabama, the peridotite rocks show a freshness almost to the 
surface of the exposures, and there are few localities where there 
is any considerable area of peridotite entirely altered to serpen- 
tine. Under the microscope thin sections of the dunite show 


iSso- 
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an alteration to serpentine between the particles of olivine. 

The peridotites and associated basic rocks occur as oval, 
lenticular, and irregular masses and sheets in a region of meta- 
morphie rocks composed chiefly of biotite-gneiss. As subordi- 
nate facies of this normal gneiss, however, more or less extensive 
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areas of hornblende-gneiss, mica-schist, and quartz-schist are 
developed. Peridotites are found inclosed by or in contact with 
all of these various types. On account of greater resistance to 
weathering it often happens that hornblende-gneiss is most con- 
spicuous in outcrops, even where relatively unimportant in 
extent. Hence it has often been reported that the peridotites 
are always, or at least in most cases, associated with hornblende- 
schist. , 

The corundum found in these peridotites does not occur as 
accessory mineral or a rock constituent, but is concentrated 
either near the contact of the peridotite and the inclosing 
gneissic rocks or in pockets within the mass of the peridotite. 
A series of secondary minerals, however, has been developed 
both along the contacts and with the corundum masses within 
the peridotite, so that the corundum is not found in direct con- 
tact with either the peridotite or the gneiss, nor are these rocks in 
contact with each other. The secondary minerals are chiefly chlo- 
rites, vermiculites, enstatite, and tale, and are not in any sense 
the results of contact metamorphism. It is customary to refer 
to these corundum-bearing zones as “ veins,” and that term is 
used here merely for convenience, without implying any par- 
ticular character or origin. Those occurrences about the borders 
of the peridotites are designated as “ border veins,” and those 
wholly within the peridotite as “interior veins.” Corundum 
has been found in such deposits in North Carolina, Georgia, and 
Alabama. 

At all of the corundum localities examined a careful search 
has been made to find corundum directly surrounded by the 
peridotite, but this has been observed at only one locality—the 
Egypt Mine, on the western slope of Sampson Mountain, in 
Yancey County, N. C. The few specimens obtained were col- 
lected by Mr. U. S. Hayes, who developed the corundum prop- 
erty in that section. One specimen shows a prismatic crystal of 
the corundum surrounded by a granular peridotite (dunite), 
but with none of the chlorite minerals which usually intervene. 
The dunite is not quite fresh, but is stained a yellowish brown 
by iron oxide and is rather friable. On the basal surfaces of the 
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corundum a little muscovite is developed. This has been ob- 
served on corundum from other localities. 

Corundum in Pyroxenite:—At many of the corundum-bear- 
ing peridotite localities in North Carolina, such as those of 
Macon, Jackson, and Transylvania counties, a pyroxenite com- 
posed of interlocking, coarse-bladed, gray enstatite constitutes 
an important part of the outcrop; and at a number of places 
the pyroxenite alone forms oval and lenticular masses in every 
way similar to those composed of peridotite. In both cases cor- 
undum-bearing zones of secondary minerals are frequently 
formed along the borders of the pyroxenite and intersect the 
mass of the rock in exactly the same manner as described above 
for peridotite. Enstatite rocks are somewhat common in North 
Carolina, but accessory minerals in them are rare, and the most 
common one observed is chromite, in small grains. In a few 
instances corundum has been found in them. 

Corundum in Amphibolite :—Associated with the peridotite 
rocks of Clay County, N. C., and of the adjoining Towns 
County, Ga., are dikes of amphibolite, which are for the most 
part between the peridotite and the gneiss, although in some 
places they cut the peridotite formation close to the contact of 
that rock with the gneiss. These dikes vary in width from 25 
to over 300 feet, their average width being from 75 to 100 feet. 

Corundum in Anorthosite:—The amphibole, with its pre- 
vailing light-green amphibole and small amount of feldspar, 
that so frequently accompanies and intersects the peridotites of 
Clay County, N. C., and of Towns County, Ga., becomes in 
places highly feldspathic, and by the dwindling and disappear- 
ance of the amphibole it passes into the anorthosite facies at 
several localities. 

Anorthosites of this character, with more or less corundum 
in grains and irregular masses distributed through the rock, are 
found on the western slopes of Chunky Gal Mountain, Clay 
County, N. C., and in association with some of the amphibolites 
of the Buck Creek area in the same county. These rocks are 
always greatly subordinate in quantity to the associated amphi- 
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bolites and peridotites, and never constitute more than an in- 
significant part of the outcrops. 





Corundum in Pegmatite:—Occurrences of corundum in 
pegmatite are extremely rare, but it has been found in this rock 
in two localities in Haywood County, North Carolina. One is 
at Retreat, on Pigeon River, 6 miles southeast of Waynesville, 
where corundum occurs in small pegmatite dikes, cutting the 
saprolitic, garnetiferous gneisses or schists. Accompanying these 
dikes are thin seams of vermiculites that also carry corundum. 
The other locality is three miles northeast of Canton, at the 
Presley mine, where corundum occurs in a pegmatite which 
intersects a mass of dark-green amphibolite. The corundum is 
found surrounded by both feldspar and mica. 

Corundum in Serpentine:—At a number of peridotite lo- 
calities in North Carolina and Georgia crystals and fragments 
of corundum have been found that were surrounded by serpen- 
tine, but nowhere in the Southern Appalachian region has corun- 
dum been found associated with the larger masses of serpentine 
that have been derived from the alteration of the peridotites, as 
at several localities in Buncombe County, North Carolina. 

Corundum in Gneiss:—Corundum is found in North Caro- 
lina in the ordinary gneiss of the same belt of crystalline rocks 
in which the peridotites occur. It is also found in garnetifer- 
ous gneiss in Clay County, North Carolina. In several other 
places in Clay County attempts have been made to mine corun- 
dum that occurred in the hornblende gneiss. 

Corundum in Mica-Schist:—Corundum in mica-schist has 
been observed at a number of widely separate localities in Vir- 
ginia, North Carolina, and South Carolina; but in none of 
them has corundum been found in large quantities. 

Corundum in Quartz-Schist: —It has recently been ob- 
served that portions or bands of the crystalline rocks of the 
southeastern part of Clay County, North Carolina, and the 
northeastern part of Towns County, Georgia, are corundum 
bearing. These rocks vary in composition from those that are a 
normal gneiss to those that contain no feldspar and can best be 
described as quartz-schist composed of quartz and biotite mica. 
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Some portions of the rock are rich in garnet, others are almost 
entirely free from this mineral, and occasionally there are 
also small bands of white quartzite. 

Corundum in Amphibole-Schist:—At the Sheffield mine, in 
Cowee Township, Macon County, North Carolina, corundum 
has been found in a saprolitic rock which is apparently altered 
amphibole-schist, which was originally a rock belonging to the 
gabbroid family. 

The corundum does not oceur in crystals, but in small frag- 
ments and in elongated nodules, which are cracked and seamed 
and appear to have been drawn out by the shearing processes. 
The general character and shape of the fragments of corundum 
would indicate that they were original constituents of the 
igneous rock and were not formed during its metamorphism. 

Corundum in Chlorite-Schist :—Besides being associated with 
chlorites in the peridotites and pyroxenites, already mentioned, 
corundum is found in the long belts of chlorite-schist that tra- 
verse the country 10 or 12 miles southeast of Webster, Jackson 
County, North Carolina. These chlorite rocks, which some- 
times attain a width of several hundred feet, are traceable for 
miles across the country. Almost the only constituent of these 
rocks is a green, scaly chlorite, though sometimes there are 
present small grains of feldspar, and occasionally needles of 
amphibole. The chlorite is in small scales, never very coarse, 
as is sometimes the case in the zones about the peridotite, and 
often these scales are so minute as to give the rock a very com- 
pact appearance. 

The best corundum for abrasive purposes that was ever found 
was obtained from the Great Laurel Creek mine, Rabun County, 
Georgia. This corundum will bring the highest price on the 
market, and there was and always has been a demand for this 
variety of corundum. 

CHROMITE” 


With the exception of alluvial deposits, chromite has been 
found only in the peridotites and allied igeneous basic magnesian 





* United States Geological Survey, Mineral Resources, 1901, pp. 841-948. Jbid. 
North Carolina Geological Survey, Vol. I, 1905, pp. 369-384. 
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rocks, or in the serpentines which have resulted from the alter- 
ation of these rocks. In the North Carolina peridotites, chro- 
mite occurs more commonly in grains or crystals, and also in 
embedded masses, near the boundary of the lenticular bodies of 
these rocks. 

The mineral does not occur in well-defined veins, but is often 
in masses or pockets which apparently have no relation what- 
ever to one another. 

But few authors writing upon the occurrence of chromite 
have described the relation of the chromite deposit to the rocks 
in which it is found. One or two have mentioned the chromite 
as being found near the eastern boundary or at the northern 
border of the serpentine belt; but in no case has the writer been 
able to find any definite description. The large deposits of chro- 
mite in North Carolina occur in the peridotite rock, and near the 
contact of this rock with the inclosing gneiss; and where tliere is 
but a small amount of the chromite, either in pockets or in 
grains or crystals, these are more abundant near the contact and 
diminish in number toward the center of the mass of peridotite. 

Mention has been made above of deposits of corundum that 
occur in peridotite rocks, but where we find these large deposits 
there is a scarcity of chromite, and where the larger deposits of 
chromite occur there has been little or no corundum found. 

Crystallized chromite has been found only in small, isolated 
crystals scattered through the peridotite, or where these crystals 
have been concentrated in alluvial deposits. The masses of 
chromite show little or no crystalline structure. 

The constant occurrence of the chromite in rounded masses 
of varying proportions near the contact of the peridotite, with 
the gneiss, and its occurrence in the fresh as well as the altered 
peridotite indicate that the chromite has been held in solution in 
the molten mass of the peridotite when it was intruded into the 
country rock, and that it separated out among the first minerals 
as this mass began to cool. 

The peridotite (dunite) magma, holding in solution the 
chemical elements of the different minerals, would be like a 
saturated liquid, and as it began to cool the minerals would 
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separate or crystallize out, not according to their fusibility but 
their solubility in the molten magma. The more basic por- 
tions being, according to the general law of cooling and erystal- 
lizing magmas, the less soluble would be the first to separate out. 
These would be the oxides containing no silica; in the present 
case the chromite, spinel, and corundum. These minerals would 
solidify or crystallize out where the molten magma first began 
to cool, which would be at the contact of the mass with the coun- 
try rock; convection currents would tend to bring new supplies 
of material to the outer boundary, which would deposit its 
chromic.oxide as chromite. 

The more fluid a molten mass of rock becomes the more favor- 
able will be the movements and other conditions in this molten 
mass to the bringing about of these changes, and it is in these 
very basic magnesian rocks that we find the best illustrations of 
the separation and concentration of the more basic minerals. 

This would account for all the irregularities of the chromite 
deposits—their pockety nature, the shooting off of apophyses 
from the main masses of the chromite into the peridotite, the 
widening and pinching of the chromite “odes,” and the ap- 
parent non-relation or non-connection of one pocket of chromite 
with another. There has not been sufficient work done in the 
North Carolina chrome mines to demonstrate exactly the po- 
sition and relation of the chromite deposits to the gneiss or 
other country rock, and in the description of other chrome 
mines but little light has been thrown on this point. The chro- 
mite would be concentrated near the borders of the peridotite in 
rounded masses, with offshoots penetrating into the peridotite. 
The lines of contact near the gneiss would be sharp and nearly 
regular, while with the peridotite the contact would be very 
irregular. The pockets of chromite found in the midst of a 
peridotite formation, which at the present time are isolated 
and have no connection with each other, were at the time of 
their formation part of the chromite concentrated near the 
border of the peridotite, but the rapid erosion to which the 
rocks has been subjected has worn them down to their present 
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condition. Again, there would be a somewhat gradual passage 
from the chromite to the pure peridotite. 

In prospecting for either chromite or corundum the largest 
and richest deposits may be expected near the contact of the 
peridotite with the gneiss or other country rock. 

Chromite has been found only in peridotite and serpentine, 
and the presence of this mineral in these rocks would at once 
indicate that the rocks were of igneous origin. 

The large deposits of chromite in the serpentine rocks of 
Pennsylvania and Maryland show that the primary rock was of 
igneous origin and that the mineral solidified out from the 
molten magma, as described above. 

A natural corollary to be drawn from this proposition is that 
the occurrence of chromite in an alluvial deposit indicates the 
proximity of a peridotite rock of igneous origin, which was the 
original source of the chromite. 

The association of platinum with chromite and serpentine, 
in various parts of the world where platinum has been found in 
alluvial deposits, indicates that the origin of the platinum is a 
peridotite or allied rock of igneous origin. On the eastern slope 
of the Urals platinum has been found associated with chromite, 
which is disseminated through an olivine rock. It is not un- 
reasonable to suppose that platinum would be found in the per- 
idotite areas of the Southern States. 

The mining of chromite in this country has always been at- 
tended with considerable uncertainty on account of the pockety 
nature of the deposits, and for this reason chromite properties 
are more apt to be leased than bought outright. Usually no 
estimate can be made regarding the amount of chromite on a 
property beyond that which is exposed by the actual work done. 
Yet, considering the theory advanced for the origin of chromite, 
if a deposit of this mineral is found near the contact of the 
peridotite and other country rocks, and if this peridotite forma- 
tion is very extensive and the chromite is found in considerable 
quantity, there is good probability that it will develop into a 
large deposit. 

Maryland was one of the first states in which chromite was 








24 JournaL o¥ THE Mircuecy Soctety [ June 


discovered and mined in this country. The first chromite found 

yas in 1827 on the Reed farm in Harford County, about 27 
miles northeast from Baltimore. There has been no mining of 
chromite in Maryland for twenty years. 

The only other Southern State that offers any probability of 
being a producer of chromite is North Carolina. Extending 
from Ashe County to Clay County, North Carolina, there is a 
series of disconnected peridotite outcrops; and, as has been ob- 
served above, chromite is associated with all these peridotite 
rocks. It is, however, in few localities only that the mineral 
has been found in considerable quantity. Although prospecting 
for chrome ore in this State was first undertaken over thirty 
years ago and has been continued spasmodically ever since, there 
has never been any systematic development of the localities. 

In the alluvial deposits at the base of the peridotite outcrops 
there is usually a considerable amount of chromite crystals and 
particles, but nowhere have they been observed in sufficient 
quantity to constitute a chrome sand ore. 

The general character of the chromite ore is nearly uniform 
throughout the entire area, being very hard and compact, though 
often of a fine granular appearance, and there is but little that is 
at all friable. The masses of chromite are usually very free 
from seams of peridotite or its alteration product. This simpli- 
fies the concentration, and a high grade ore can usually be ob- 
tained by cobbing and hand picking. 

The more important deposits of chromite in North Carolina 
are in Yancey and Jackson counties, and in the former the de- 
posits occur at Mine Hill, about five miles north of Burnsville 
and within a few miles of the Clinchfield Railroad. The de- 
posits of Jackson County are near Webster and a few miles 
southwest of Balsam Gap on Dark Ridge Creek. These de- 
posits are on the Southern Railway. 

As yet the existence of large deposits of chromite in North 
Carolina has not been conclusively shown, but the work done 
points to the possibility of large deposits in that State, those 
described above being the most promising ones known. 

The standard chrome ore contains 50 per cent of Cr,0;, and 
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the value of the ore increases with each unit over this. Ores as 
low as 45 per cent Cr,0, find a ready market if they are low 
in silica. The North Carolina ores are high grade and usually 
low in silica. 
Cuape, Hi, N. C. 
(Continued in next issue) 








GEOLOGY OF CHAPEL HILL AND VICINITY 
An Outline 


BY JOHN E. SMITH 


The circular area having a radius of about five miles with 
Chapel Hill near its center is located chiefly on the eastern mar- 
gin of the Piedmont Belt, but includes a small portion of the 
arm of the Coastal Plain that extends northward beyond Oxford 
and whose western border is less than two miles east of the vil- 
lage. 

TOPOGRAPHY 


The area is traversed by New Hope Creek in its northern 
part, by Bolin’s Creek near the middle, and by Morgan’s Creek 
on the south. Its drainage is therefore excellent. These streams 
flow eastward to the plain where they join and flow south- 
ward until they reach the waters of the Cape Fear. The 
general elevation of the upland is 500 to 540 feet and that of 
the creek bottoms and the plain is about 200 to 250 feet lower. 
This gives the area the rugged topography typical of the eastern 
margin of the Piedmont Plateau. 

Into this plateau the streams have cut their valleys by erosion ; 
this work is still in progress and can be observed in every stage 
of advancement in each of the larger streams of the area, from 
the smallest gulley to the broad mature valley. The small deep, 
steep sided valleys show youthful stages of development. As 
one proceeds down stream, a point is reached where the current 
is checked to such an extent that the cutting is confined to one 
level; here the valley begins to grow in width, a floodplain 
forms, and from this place down the valley, the various stages 
of maturity, increasing in age with the distance, are illustrated. 
This side cutting or lateral planation proceeds very slowly on 
the outer curve of a meander where it touches the valley wall, 
and in time, by crossing from one valley wall to the other, de- 
velops a broad floodplain. The region as a whole is one of ma- 
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ture topography because its surface lies chiefly in slopes with 
but little reduction of the summit level of the divides. 

There are a few hills rising from the Coastal Plain near its 
margin almost to the elevation of the upland plateau and on this 
plateau several hills reach an elevation of 100 to 200 feet above 
it. Among these are Nunn’s Mountain, Blackwood Mountain, 
Mount Collier, and others. 


CYCLES OF EROSION 


Before the streams began to cut the valleys now forming, the 
plateau was nearly continuous and unbroken save for a few 
hills, that at Hillsboro for example, rising from it. As the pres- 
ent stream work proceeds, the floodplains gradually work head- 
ward along the streams thus developing a longer and broader 
plain at the new level. On this floodplain, though sometimes 
covered, are sand, gravel, and waterworn rocks brought by the 
current during freshets or left when migrations of the channel 
occurred. When the new level cut by each stream meets, in 
places, that formed by the other streams, the result is a very 
broad plain with hills rising from it. These hills are called 
monadnocks and the level formed is a peneplain. A base level 
is completed when all of the monadnocks have been removed by 
erosion. 

The changes made in the young valleys can be observed after 
each hard shower or from year to year. A lifetime, however, 
reveals very little if any increase in width of the mature valleys 
by lateral planation. The period between the time when the 
streams begin to erode the upper plain, and the completion of the 
one at the lower level, constitutes a cycle of erosion. The dura- 
tion of such a period is very, very great and a cycle of erosion 
is one of the longest definite intervals of geologic time. 

Numerous specimens of waterworn (smooth and rounded) 
pebbles of quartz and its varieties up to four inches in diameter 
have been collected by the writer and others from various places 
on the upland and hill tops both east and west of Chapel Hill. 
These can be none other than the surviving ones from the 
gravels of a river floodplain as it was being developed at the 
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temporary base level of that time. Similarly rounded smooth 
pebbles in similar positions are found throughout the Piedmont 
Belt. Also the folded layers of stratified and metamorphic 
rocks of this region are truncated at the elevation of the upland. 
The plateau level of the area about Chapel Hill and elsewhere in 
the Piedmont is therefore a peneplain. 

On this peneplain several monadnocks occur, the hill at Hills- 
boro for example, also numerous hills of igneous origin that are 
in all probability monadnocks. Among these are Nunn’s 
Mountain and Blackwood Mountain, each about five miles north 
of Chapel Hill, and Mount Collier’ about the same distance to 
the west. 

Two cycles of erosion are therefore evident in this vicinity, 
one nearly completed, during which the peneplain was 
formed, the other now in progress, during which the valleys are 
being excavated and the new temporary base level developed. 
When the Piedmont as a whole is considered, strong evidence of 
earlier cycles of erosion is found. 

ARCHEOZOIC ERA 

The rocks of this system consist of gneisses, schists, slates, 
ete., with granites and other igneous rocks intruded into them. 
The metamorphic rocks are complexly folded and have been 
truncated by erosion. All are disintegrated to a depth of 20 
to 50 feet. They occur throughout the vicinity except in a 
circular area near its center and are closely related in age with 
the oldest rocks of the American continent.* 

PROTEROZOIC ERA 


The rocks of this system are conglomerates, both basal and 
intraformational, sandstone, porcellanite, slates, schist, etc., 
interstratified with numerous acidic lava flows, chiefly trachytes 
and rhyolites. The outcrops are along the right (south) valley 
slope of Morgan’s Creek, and are best exposed at the old site of 


1Mount Collier is so called in honor of Professor Collier Cobb, Head of the 
Department of Geology in the University of North Carolina, who in 1892 was the 
first to recognize its volcanic origin. 

2Pre-Cambrian Geology of North America, 1909, Van Hise and Leith. Bul. 
360, U. S. Geol. Survey, p. 677 ff. and 695 ff. Gives a summary of Pre-Cam- 
brian Geology of North Carolina and lists references for the State. 
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Purefoy’s mill about two miles south of Chapel Hill. An out- 
crop occurs also at McCauley’s Quarry about seven miles to the 
west. 

Before the close of the era, great intrusions and uplifts oc- 
curred tilting the stratified rocks to an angle of 65 degrees. The 
Chapel Hill stock may have had its origin at this time. It con- 
sists chiefly of granitoid rocks,* (granites,* ete.) but is 
believed to be in part composed of basic igneous rocks derived 
by magmatic segregation. It is cut by numerous dikes, both 
acidic and basic, ranging from granitoid to felsitic textures. The 
dikes occupy the joint planes which extend approximately N. 
30 E. and N. 60 W. 


PALEOZOIC ERA 


That this region was an area of high land during the earlier 
part of this era, is shown by the great volumes of sediment 
derived from it. These are the sedimentary rocks of western 
North Carolina, eastern Tennessee and Kentucky and have a 
total thickness of nearly 20,000 feet. This continent, known as 
Appalachia, sloped to the west or northwest and probably ex- 
tended eastward into the area now covered by the Atlantic 
Ocean. The Paleozoic seas covered most of what is now the 
Mississippi Valley and extended east to the present position of 
the Blue Ridge Mountains or farther.® 

Near the close of the era, great stresses produced the Ap- 
palachian Mountains by very slow folding which also affected 
our area causing a relative uplift in western North Carolina. 
This changed the slope of the land and our streams flowed east- 

yard or northeastward over a lower area. 


MESOZOIC ERA 


After the tilting of the surface and the erosion that followed, 
an incursion of the sea came from the northeast. During this 





3 Eaton, H. N., Notes on the Petrography of the Granites of Chapel Hill, N. C. 
Jour. E. Mitchell Sci. Soe. 25:85. 1909. Also, Flint-Like Slate near Chapel 
Hill, N. C., ibid 24, 1908. 

*Fry, W. H., Some Plutonic Rocks of Chapel Hill. Jour. E. Mitchell Sci. Soc., 
27: 124. 1911. 

- Pratt, Dr. J. H., Geology of Western N. C. Jour. E. Mitchell Sci. Soc., 29: 
35. 1913. 
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time the location of the present site of Chapel Hill with respect 
to the sea was somewhat like that of Annapolis, Md. This long, 
narrow body of water extended northward into New England 
and is known as the Triassic sea. The rocks formed by disposi- 
tion in it and near it are conglomerates, sandstone, quartzite, 
arkose (contains orthoclase and muscovite). They occur on the 
plain, also as outliers resting unconformably on the flank of the 
eroded granite of the stock. 

The sea was a shallow one as it receded. This is shown by 
the fossil deltas, sand dunes, mud cracks, etc., left above the 
deeper water deposits. Arms of the sea were cut off as it with- 
drew, and evaporation left among the sediments, its salts, which 
give salinity to the water of the wells and springs of this part 
of the area. The swamps of these low areas were the feeding 
places of very large lizard-like animals whose tracks and fossil 
remains are found in these beds. These rocks carry also the 
petrified forest of North Carolina, part of which is about two 
miles east of Chapel Hill. 

Near the end of the Triassic period, its rocks were folded® and 
faulted and some intrusions of igneous dikes, sheets, etc., prob- 
ably occurred. A very long interval of erosion took place before 
the close of the era and the elevation again became low. 


CENOZOIC ERA 


Several changes in elevation occurred during this era as the 
sea twice advanced from the east nearly as far as the present site 
of Raleigh. The most striking thing in the geological history of 
this vicinity is the fact that most of it has remained a land area 
almost continuously since Pre-Cambrian times. As a result of 
this very long interval of weathering and erosion the bedrock is 
covered by a residual mantle rock described in the following: 


GENERALIZED SECTION 


1. Soil, “ Top soil,” red to gray and black (humus),............ 1 to 2 ft. 
ee OE, TN, OE Bi OE GI oie gc kinivcncincccawcavawiccnes 3 to 10 ft. 
5 to 20 ft. 


CUR, IE, GUE GID ois aos n hie sien ccc dicdseccians 





*Miss Florence Bascom, Historical Geology of the Piedmont Area. U. 8S. 
c 


Geol. Survey, Trenton, N. J. Folio No. 167, p. 19 
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4. “Gravel,” “ Natural Sand-Clay,” fragments of orthoclase and 


ONS: WN CUE GE MINS oie ids iccnsrecciccinieseciacs 10 to 20 ft. 
5. Fragmental rock, partly decomposed angular fragments 2 to 

OS Oe IIs nk cx once ae cuKncdnekcunsesunnnee nes 10 to 15 ft. 
6. Fragmental rock, angular, much coarser and less decayed 

Se TL Bikccussoncenermaavenewon seas cuceisunteaueet 5 to 15 ft. 


7. Solid rock, “ Bedrock,” “ Country rock.” 
THE PROBLEM OF ZONATION 


That some zonation exists in the igneous rocks of this vicinity 
has been shown by Professor Collier Cobb.’ This problem, 
however, has not been fully solved and there are several factors 
which make its complete solution extremely difficult. 

The mantle rock in this area is twenty to fifty feet thick which 
prevents the occurrence of many exposures of the solid rock. 
This makes it very difficult to determine accurately the relations 
and boundaries of the probable zones beneath. If wide dikes 
of various igneous rocks, deeply covered, cross each other nearly 
at right angles, the result would closely simulate zonation in 
which the zones are somewhat circular. Such a resemblance 
would be especially strong in this vicinity where half or more 
of the zone circle is concealed beneath sedimentary and metamor- 
phic rocks. These conditions, however, do not disprove the pres- 
ence of zonation; they have not been fully confirmed by observa- 
tion in the field but are suggested by the occurrence of acidic 
and basic dikes throughout the stock. 


ECONOMIC GEOLOGY 


Zone No. 1 of the generalized section given above is the true 
surface soil of the upland and No. 2 contains the brick clay of 
the area. Some of the clay used in the old brickyards of Chapel 
Hill was taken from zone 3 and therefore unsatisfactory results 
were obtained. Zones 1 and 2 have been largely removed by the 
long continued erosion and neither now occurs in very large 
areas in the vicinity. 

This leaves zone 3 at the surface over a large part of the area, 
especially on the valley slopes, and No. 4 and its decomposition 


™Zonation in the Chapel Hill Stock. An address (unpublished) before the 
Elisha Mitchell Scientific Society, December, 1912. 
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products at the surface on the lower part of the slopes. These 
produce sandy or gravelly soils that are, as a rule, inferior in 
quality. They respond readily, however, to the influences of 
modern methods in agriculture: crop rotations, diversified farm- 
ing, the growing of fertilizing crops, ete. 

The rugged topography with its east-west valleys and divides 
retards the development of railway transportation, thus depriv- 
ing the area of ready access to market. This, with the above 
mentioned factors, accounts for the low value of land in a tier 
of counties* along the eastern margin of the Piedmont Belt from 
Granville and Person to Montgomery and Moore inclusive, 
Orange being one of the number.® 

Zone 4 of the generalized section provides a natural sand-clay 
suitable for use in road building.’® The material used on Frank- 
lin Street was taken from a pit opened in this zone, the upper 
part of this zone should not be used without the addition of 
stream sand. Numerous other places in this area would yield 
material of the same quality. The stream sand is used also in 
making mortar, ete. 

Cuaper Hu, N. C. 

§ North Carolina Supplement, Tirteenth Census Report. 

Pte pO g - aaeaa of Orange County, N. C. Jour. E. Mit- 


% Smith, John E., Natural Sand-Clay in the Piedmont, Southern Good Roads, 
current number. 
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In a previous number of this journal (1), a report was made 
on the action of various diuretic substances in animals rendered 
nephritic by uranium nitrate. The animals employed in this 
series of experiments could be classified, on a basis of their re- 





1 Presented in abstract before the Society for Pharmacology and Experimental 
Therapeutics, Cleveland, December 30, 1912. Aided by a grant from the fund 
for Scientific Research of the American Medical Association. 

2 Reprinted from The Journal of Pharmacology and Experimental Therapeutics, 
Vol. IV, No. 6, July, 1913. 
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sponse to diuretics, into three groups: an anuric, a practically 
anuric, and a diuretic group. 

In the present invesitgation, which is a direct continuation of 
the previously mentioned experiments, the same general group- 
ing of the animals can be established. It has been experiment- 
ally demonstrated, however, that the practically anuric group 
is an unnnecessary refinement in the classification, for the con- 
dition of partial anuria should be interpreted as a forerunner of 
the anuric state which sooner or later develops, provided the ex- 
periment be continued. Therefore, in the present report the 
observations will be confined to two groups of nephritie animals: 
a diuretic group and an anurie group. 

The present investigation shows, also, that whether or not the 
animals are diuretic or anuric following the anesthetic depends 
very largely upon the anesthetic employed and upon the age of 
the animals. As a result of this observation, in addition to a 
continuation of the study of the response of the pathological 
kidney to diuretics, it becomes especially necessary to consider 
the response of the pathological kidney to different anesthetics. 


REVIEW OF PREVIOUS EXPERIMENTS 


In the experimental work previously published it was shown 
that when dogs were given uranium nitrate subcutaneously in 
the dose of from 5 to 10 mgs. the animals developed an albu- 
minuria, which was followed within twelve to forty-eight hours 
by a glycosuria. The output of sugar in the twenty-four hour 
specimen of urine varied within wide limits: 0.25 to 3.22 per 
cent. No determination of acetone or acetone bodies was made. 

It was also shown that either just prior to the development of 
the alubuminuria, or associated with its development the output 
of urine increased, and that with the development of the gly- 
cosuria the animal became highly polyuric. For instance, in 
experiment 8, of the previously mentioned series the animal was 
receiving 500 ec. of water daily; the average output of urine 
prior to the uranium was 513 ee.; while following the uranium 
and with the development of a nephritis and a glycosuria the 
urine increased to 1310 ce. 
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The microscopic examination of the urine constantly showed 
the presence of erythrocytes, usually few in number, and tube 
casts. arly in the nephritis, with the first appearance of al- 
bumin, the hyaline cast predominated, but later when the 
alubuminuria had become more marked, granular casts predomi- 
nated over the hyaline type. 

When such animals which were nepbhritic, glycosuric, and 
polyurie were anesthetized by either Gréhant’s anesthetic or by 
morphine-ether, they grouped themselves, so far as their re- 
sponse to diuretics was concerned, into two mains groups: an 
anuric group and a diuretic group. 

The physiological study of these two types of animals with 
special reference to their response to diuretics, showed, in the 
first place, that no change had been induced in the height of 
general blood pressure to account for the difference in the out- 
put of urine in the two groups. Secondly, oncometric ‘deter- 
minations of the local renal circulation showed that the response 
of the renal vessels in both groups was either normal or hyper- 
active. This was true for substances such as caffeine and theo- 
bromine which are supposed to influence the renal circulation 
principally through a local vascular effect, as well as for such a 
substance as digitalin, whose local effect on the blood supply 
of the kidney is induced through its general effect upon the 
circulation. 

As a result of the above mentioned study of the general and 
local vascular response of the nephritic animals, the cause of 
the stoppage of the urine flow in the anuric group was thought 
not to be due to any vascular change. 

The histological study of the kidneys from the diuretic and 
from the anuric groups showed a marked difference in the degree 
of epithelial involvement, whereas the vascular pathology in the 
two groups was practically identical. 

In those animals that remained diuretic following the anes- 
thetic, the epithelial involvement was slight or absent. The cells 
were not only not increased in size, but frequently they showed 
an undoubted shrinkage with an associated increase in the size 
of the lumen of the tubules. The cells stained well, the nucleus 
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was not pyknotic, and the cytoplasm of the cells showed but 
slight or no vacuolation. 

On the other hand, in those animals which became anuric fol- 
lowing the anesthetic the epithelium of the tubules of the laby- 
rinth, and especially of the proximal convoluted tubules, showed 
an acute swelling, which was remarkable for the rapidity with 
which it developed. As a result of the swelling, the lumen of the 
tubules was either greatly encroached upon or completely oc- 
cluded. In some animals the swelling was so acute that the 
cells had not had time to undergo any marked degenerative 
change, while in other animals the epithelium was severely 
vacuolated, staining was imperfect, the nuclei pyknotic, and the 
cytoplasm in various stages of necrosis. 

As a result of these observations, I was inclined to the belief 
that in a unranium nephritis the epithelial changes were more 
responsible for the reduction in the output of urine than were 
the vascular changes. 

The continuation of these experiments, which will now be re- 
ported, serves in great measure to confirm this belief, and also 
brings into consideration the part played by different anesthetics 
and by the age of the animals in precipitating these epithelial 
changes. 


DISCUSSION OF THE TECHNIQUE EMPLOYED IN THE EXPERIMENTS 


The operative technique employed in the following experi- 
ments has been identical in every particular with that employed 
in the experiments of the previous investigation. There have, 
however, been made, for the sake of accuracy, slight changes in 
the quantity of the nephrotoxic substance employed; and also 
additional diuretic fluids have been used. In place of giving 
from 5 to 10 mgs. of uranium nitrate to the animals without re- 
gard to their weight, there was a determination made of the 
dose of uranium which was competent to induce a nephritis and 
a glycosuria without rendering the animals in the least toxic and 
without inducing gastro-enteric changes, which are usually man- 
ifested by vomiting and a diarrhoea. 

The dose of uranium nitrate when given subcutaneously in 
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the dog which is sufficient to induce the desired changes in the 
kidney without the undesirable gastro-intestinal complications 
has been found to be 6.7 mgs. per kilogram. This is the dose 
of uranium which has been constantly employed in all of the 
experiments. 

Only animals in apparently perfect health were selected for 
the experiments. They were placed in metabolism cages and 
given daily by a stomach tube a known and constant quantity 
of water. The diet consisted of bread and uncooked meat. 

The urine was collected at 4.30 p. m. each day and examined 
qualitatively for albumen, sugar and acetone, and quantitatively 
for sugar. In making both the qualitative and quantitative 
sugar determinations, Benedict’s (2) reagents were uniformly 
employed, for the reason that these solutions allow of more 
delicate determinations and do not deteriorate upon standing. 
No preservative was used in the urine. 

These observations were made for three days prior to the ad- 
ministration of the uranium. On the third day the first uranium 
injection was made and repeated at the same time on the fourth 
day, the experiment being performed on the fifth day that the 
animal had been under observation. Such a routine is neces- 
sary, for the changes in the urine, especially the output of glu- 
cose, are influenced to some extent by the time which has elapsed 
following the uranium injections. 

As a result of the foregoing study of the urine the use of an 
animal with a naturally acquired nephritis was exciuded. None 
of the animals prior to the use of the uranium showed the pres- 
ence in the urine of either glucose or acetone. 

The diuretic substances which have been employed in these 
experiments include those which were used with the first series 
of animals; and, in addition, various salts which were used 
in solutions isotonic with 0.9 per cent and 2 per cent sodium 
chloride. 

The osmotic pressure of some of the salts which have been 
employed has never been accurately measure. This, therefore, 
introduces an element of error into the calculations, which were 
conducted in order to obtain solutions of these salts isotonic 
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with 0.9 per cent and 2 per cent sodium chloride. The calcu- 
lations were made for solutions at 37.5°C. and at this tempera- 
ture the solutions were introduced into the animals. For these 
calculations, I am indebted to Dr. J. E. Mills, of the University 
of South Carolina. 

The following solutions have been employed in the study of 
the response of the nephritic kidney to diuretic substances : 


BN Soinkcor senedecsswoats 1 to 2 of a 1 per cent soution per kilogram 
IONE 5550.6 on cccevsesivn 1 to 2 of a 1 per cent solution per kilogram 
Nes ince Dadinhnwn ane ealee a enlaK he wer erm aed 0.5 to Img. per kilogram 
Sodium chloride solution, 0.9 per cent............ 5 to 10 cc. per kilogram 
Sodium chloride solution, 2 per cent..............5 to 10 cc. per kilogram 
Sodium carbonate, 0.9 per cent....................5 to 10 cc. per kilogram 
Sodium carbonate, 2 per Cent......cccccccccccecs 5 to 10 ce. per kilogram 
Sodium sulphate, 0.9 per cent...............005- 5 to 10 cc. per kilogram 
Lithium chloride, 0.9 per cent...............0206- > to 10 cc. per kilogram 


THE EFFECT OF URANIUM NITRATE ON THE OUTPUT AND COMPO- 
SITION OF THE URINE IN YOUNG AND IN FULL 
GROWN ANIMALS 


As has been previously stated, the present series of experi- 
ments serve not only for a study of the efficiency of various diu- 
retic substances, but they also serve to demonstrate the differ- 
ence in the response of animals of different ages to the same 
quantity of a toxic substance, such as uranium. The differences 
here referred to are those which are manifested in the total out- 
put of urine and in the composition of the urine. 

During the course of this paper the animals referred to as 
“young,” are animals not over one and a half years old; the 
“adult” animals are those varying in age between one and a 
half and six years; while the old animals are certainly over six 
years old. The classification is, of course, a more or less arbi- 
trary one, though it is based to some extent upon a knowledge of 
the average life of the dog. 

Falling in the group of young animals are eight dogs. Four 
of these animals were from the same litter, and at the time of 
the experiments were between four and a half and five months 
old. Two other animals were three months and three weeks old; 
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while the remaining two dogs, young adults, as accurately as 
could be ascertained, were about one year and two months old. 

The animals were given daily a known and constant quantity 
of water and allowed a mixed diet of bread and raw meat. Fol- 
lowing the preliminary period of observation of three days, they 
were given subcutaneously on two successive days 6.7 mgs. of 
uranium nitrate per kilogram. The two young adult animals re- 
ceived 500 ce. of water daily, while the other members of the 
group received 400 ce. 

On the second day of the uranium injections these animals 
showed the following changes in output and in composition of 
the urine: 

As will be seen from table 1, these animals, following the 
development of a glycosuria, became polyuric. The output of 
glucose, especially by the puppies, is remarkably constant for the 
different animals, while the presence of acetone varies.. The 

















TABLE I 
Age Water Urine Albumen; Sugar (acetone 
ce. ee. | per cent 

Young adult__- 500 830 Present | 1.06 | Trace 
Young adult__- 500 1015 Present 0.701 Trace 
i, =e 400 790 Present 0.202 | None 
, asses 400 780 | Present 0.446 None 
i, __——aaz 400 740 Present | 0.077 None 
(le 400 605 Present | 0.35 | Trace 
Cee 400 910 ' Present | 0.434 | Trace 
a 400 910 Present | 0.86 | Trace 





quantity of acetone in the urine of these young animals is ex- 
ceedingly small and its detection would frequently have been 
missed without a microscopic examination of the tested distillate 
for the presence of crystals of iodoform. 

The group of animals referred to as “ adult” animals were 
kept on the same diet as the younger animals, and like the 
younger animals were given 6.7 mgs. of uranium nitrate per 
kilogram on two successive days. The changes in the output of 
urine and in the composition of the urine are indicated in table 
2, which represents the course of eight characteristic experi- 
ments following the uranium injections and prior to the use of 
an anesthetic. 


‘ 
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TABLE II 





Age Water | Urine Albumen | Sugar Acetone 





ee. ee, per cent 
Adult -- 500 | 1240 Abundant | 2.17 | Pronounced 
Adult -- 300 645 Abundant 2.56 Pronounced 
Adult —- 500 980 Present | 2.17 Present 
Adult -_| 500 | 1180 Present 3.625 | Present 
Adult -- 500 | 1025 Present 2.08 | Present 
Adult —- 500 1515 Present 2.08 Present 
Adult -- 500 | 1130 Present 1.06 Present 
Adult —- 500 885 Present 3.03 Present 





A comparison of the two tables showing the results obtained 
in these groups of animals, representing different age limits, 
shows in the first place, that the polyuria which, as has been pre- 
viously stated, becomes pronounced with the development of the 
glycosuria. The animals of the adult group show a higher de- 
gree of polyuria than do the younger animals; and they also 
show, with one exception, a uniformly higher percentage of 
glucose. 

Although quantitative determinations of acetone were not 
made, we feel reasonably certain that the acetone output in 
the adult animals was dictinctly in excess of that of the younger 
animals. Judging from the density of the precipitate of albu- 
men the same statement may be made for this element of the 
urine. 

The microscopic examination of the centrifugalized urines in- 
variably showed that in the adult animals casts were far more 
numerous that in the young animals. The increase in the num- 
ber of fatty casts was especially noticeable. 

From the foregoing observations, the following deductions ap- 
pear allowable: 

1. Uranium nitrate when given subcutaneously in the dose of 
6.7 mgs. per kilogram induces in the dog a series of changes 
which vary in their degree of severity. 

2. The severity of these changes is determined by the age of 
the animal, the changes being more pronounced in adult animals 
and less pronounced in young animals. 

3. The factors which determine these differences in the 
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response of animals of different ages to the same quantity of 
uranium are at present undetermined. 


THE EFFECT OF GREHANT’S ANESTHETIC? ON THE OUTPUT AND 
COMPOSITION OF THE URINE IN YOUNG 
AND IN ADULT ANIMALS 


In the experiments that have been previously reported (1) in 
which this anesthetic was employed, the anesthetic was used in 
the full strength advised by its originator. In order to exclude 
the possibility of the anesthetic unduly depressing the circula- 
tion, in the present experiments the quantity of the anesthetic 
has been reduced to 60 per cent strength. In this strength the 
anesthetic was given to ten adult animals and eight young ani- 
mals after they had been rendered nephritic by uranium. 

The ten adult animals following the development of an anes- 
thesia which was not profound became anuric and remained 
anuric throughout the experiments. The anuria was uninflu- 
enced by the various diuretic substances which have been pre- 
viously enumerated. 

The rapidity with which the anuria develops has varied slight- 
ly in the different animals and is apparently dependent to some 
extent upon the depth of the anesthesia. 

The following experiments illustrate this point: 

Experiment 4. The animal was receiving 500 cc. of water daily. On the 
day of the experiment the animal had an output of urine of 1130 cc. 
Within forty minutes after the commencement of the anesthetic, which 
resulted in a complete anesthesia, the animal became anuric. During the 
course of the experiment no urine was obtained. At the commencement 
of the experiment the animal had a blood pressure of 95 mm. of mercury, 
and at its termination a blood pressure of 115 mm. of mercury. 

Following the injection of 1 cc. of a 1 per cent solution of caffeine per 
kilogram, the general blood pressure was raised from 105 to 115 mm. of 
mercury and the oncometer pressure as indicated by a water manometer, 
showed a rise of 16 mm. of water. 

Experiment 7. In the following experiment the animal was imperfectly 


anesthetized. During the operation he was constantly struggling. On the 
day of the experiment the output of urine was 1025 cc. For the first 





8 Grébant’s Anesthetic: The animal is given 0.25 cc. per kilogram of a 4 per 
cent. solution of morphine. This is followed in_half an hour by 10cc. per kilo- 
gram of the following mixture: chloroform, 50cc.; alcohol and water, each 
500ce. 
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half hour period that the animal was under observation after the com- 
pletion of the operation the output of urine was 2.7 cc. Following this 
period of diuresis the animal became completely anuric, and with the de- 
velopment of the anuria the struggling and other evidences of an imper- 
fect anesthesia ceased. , ; 

At the commencement of the experiment the animal had a blood pres- 
sure of 105 mm. of mercury, and at its termination a blood pressure of 
165 mm. of mercury. At no time during the experiment was there evi- 
dence of any over action of the anesthetic. The animal remained com- 
pletely anuric to caffeine, theobromine, digitalin, 0.9 per cent sodium chlo- 
ride and 2 per cent sodium chloride. The experiment shows that even 


though an adult animal may not be completely anuric at the commence- 
ment of an experiment, the changes in the kidney which are inaugurated 


by the anesthetic, progress with the anesthesia, and that with the develop- 
ment of a state of satisfactory surgical anesthesia an adult animal which 
has been anesthetized by Gréhant’s anesthetic becomes anuric. 

The young animals and puppies that had been rendered ne- 
phritic, glycosuric, and polyuric by the same quantity of uran- 
ium per kilogram that was employed for the adult animals, 
showed after the administration of Gréhant’s anesthetic in 60 
per cent strength a distinct difference in the effect of the anes- 
thetic on the output and composition of the urine. 

Although this group of young animals received the same 
quantity of Gréhant’s anesthetic and although they were allowed 
the same time in which to develop the anesthesia, they were not 
so completely anesthetized at the expiration of this period as 
were the adult animals. It was usually necessary to give these 
animals a small quantity of ether to complete the anesthesia. 
After a satisfactory state of anesthesia had been established, it 
was rarely necessary to administer the ether again. The ani- 
mals remained satisfactorily anesthetized throughout the ex- 
periment, which usually lasted several hours. 

The animals of this group show a distinct difference in the 
effect of the anesthetic on the urine flow. None of the members 
of the group were rendered anuric by the anesthetic, but, on the 
other hand, they were distinctly diuretic before and after the 
introduction of various diuretic substances. 

The urine of this group of diuretic animals showed after 
the anesthetic an increase in the quantity of glucose and in 
those animals in which acetone was not present in the urine 
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prior to the anesthetic, after the anesthetic, acetone was in- 
variably present. 

The observation that has been made relative to the increase 
in the quantity of glucose in the urine after the anesthetic might 
be questioned on the ground that the increase in glucose was a 
relative rather than an absolute increase, e. g., that with the 
animals not so diuretic after the anesthetic as they were before 
the fact that the urine became more concentrated would show a 
rise in the percentage of glucose. 

To eliminate this possibility a series of normal animals were 
given Gréhant’s anesthetic, and the changes induced in the com- 
position of the urine were noted. (3) Following the anesthetic 
these animals developed a glycosuria, the percentage of glucose 
varying with the age of the animals. It seems therefore allow- 
able to conclude that when Gréhant’s anesthetic is given to a 
glycosuric animal the increase in the percentage of glucose in the 
urine is an absolute rather than a relative increase. 

The following experiment will serve to show the difference in 
the output and composition of the urine in a young animal from 


that of the previously discussed adult animals. 

Experiment 18. The animal was receiving 400 cc. of water daily. 
On the day of the experiment the output of urine was 780 cc. The urine 
contained 0.446 per cent glucose but no acetone. Following the anesthetic, 
the gluecose increased to 0.99 per cent and an acetonuria developed. At 
the completion of the operation this animal had a blood pressure of 111 
mm. of mercury and a urine flow of 1.4 cc. per ten minute interval. 

During the course of the experiment, which lasted for three and a 
a half hours, the animal was completely anesthetized and was freely 
diuretic to caffeine, digitalin and 0.9 per cent sodium chloride. At the 
termination of the experiment the animal had a blood pressure of 118 mm. 
of mercury and a urine flow of 4.5 per ten minute interval. 


THE EFFECT OF MORPHINE-ETHER ON THE OUTPUT AND COMPOSI- 
TION OF THE URINE IN YOUNG AND ADULT ANIMALS 

The young animals which received this type of anesthetic 
showed but slight differences in the output and composition of 
the urine and in their response to diuretics from the young ani- 
mals receiving Gréhant’s anesthetic. The following experiment 
shows the similarity in the response of these animals to mor- 
phine-ether. 
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Experiment 17. The animal was completely anesthetized. Prior to 
the anesthetic the animal was receiving 400 cc. of water. On the day 
of the experiment the animal had an output of urine of 790 cc. The urine 
contained 0.202 per cent of glucose and was free from acetone. Fol- 
lowing the anesthetic the animal remained diuretic and had an output 
of urine of 2 cc. per ten minute interval before the use of any diuretic sub- 
stance. During the course of the experiment the animal remained diuretic 
to caffeine and digitalin. The urine collected showed an increase in 
glucose to 0.501 per cent. The urine contained acetone. 

The adult animals which were given morphine-ether differed 
from the adult animals receiving Gréhant’s anesthetic in that 
they did not become anuric, but remained responsive to the 
same diuretic substances which when employed in animals anes- 
thetized by Gréhant’s anesthetic were found to have no diuretic 
value. 

Two very old animals that were nephritic from uranium 
which were given morphine-ether, became anuric and the anuria 
was uninfluenced by caffeine, digitalin and 0.9 per cent sodium 
sulphate. These animals showed a pathological response on the 
part of the kidney which was similar to the pathology which 
develops in adult animals following Gréhant’s anesthetic and 
which renders the animal anuric. 

The following experiment shows the usual effect of morphine- 
ether as an anesthetic in adult animals: 

Experiment 16. The animal was receiving 500 cc. of water daily. On 
the day of the experiment the output of the urine was 1015 cc. The urine 
contained 1.22 per cent of glucose. Acetone was present. 

Following morphine-ether, which resulted in a complete anesthesia, the 
animal remained diuretic. During the first ten minute period, before the 
use of any diuretic substance, the output of urine was 3.4 cc. The animal 
was diuretic to both caffeine and digitalin. The urine obtained during the 
experiment showed an increase in glucose to 2.77 per cent. 


CONCLUSIONS CONCERNING THE EFFECT OF GREHANT’S ANES- 
THETIC OF MORPHINE-ETHER UPON THE OUTPUT AND THE 
COMPOSITION OF THE URINE IN YOUNG AND IN ADULT 
DOGS NEPHRITIC FROM URANIUM 

1. When given to adult animals, Gréhant’s anesthetic pro- 
duces a state of anuria which is uninfluenced by any of the 
diuretic substances that have been employed in this investi- 
gation. 
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2. When Gréhant’s anesthetic is given to young animals, the 
animals remain diuretic and responsive to the various diu- 
retic substances. The urine collected during the anesthesia 
shows an increase in glucose over that induced by the injections 
of uranium before the anesthetic. 

3. Adult animals when given morphine-ether have only occa- 
sionally developed an anuria. The animals in our series which 
have developed this condition have been old animals. In the 
animals anuric from morphine-ether the changes in the kidney 
are similar to those found in the kidneys of the animals anuric 
from Gréhant’s anesthetic. 

In general, the adult animals anesthetized with morphine- 
ether remain diuretic and are responsive to the different diuretic 
substances. The urine shows an increase in the percentage of 
glucose. 

4, The young animals anesthetized with morphine-ether have 
without exception remained freely diuretic throughout the ex- 
periments. The urine collected during the experiments has 
shown a slight increase in the percentage of glucose. This in- 
crease, however, is less than the increase observed in the adult 
animals under the influence of the same anesthetic. 

5. In conclusion, the age of the animal apparently exerts some 
influence over the toxicity of the anesthetic as did the same 
factor influence the toxicity of the uranium prior to the anes- 
thetic. 


THE EFFICIENCY OF VARIOUS DIURETICS IN URANIUM NEPHRITIS 
IN ANIMALS ANESTHETIZED WITH GREHANTS ANESTHETIC 
AND WITH MORPHINE-ETHER 


The efficiency of various diuretics in animals anesthetized with 
Gréhant’s anesthetic 


In considering the efficiency of these different diuretic sub- 
stances in animals anesthetized with Gréhant’s anesthetic, the 
nephritic animals, so far as their response to the diuretics is 
concerned, are found to arrange themselves into two groups: a 
diuretic group which is represented by the young animals; and 
an anuric group which consists of adult animals which had re- 
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ceived the same quantity of the nephrotoxic substance per kilo- 
gram and the same amount of the anesthetic per kilogram as was 
received by the young animals. 

In these animals the following diuretic substances were em- 
ployed: caffeine, theobromine, digitalin, 0.9 per cent and 2 per 
cent sodium chloride, 0.9 per cent and 2 per cent sodium car- 
bonate, 0.9 per cent sodium sulphate, and 0.9 per cent lithium 
chloride. 

When these substances were employed in adult animals ne- 
phritic from uranium and anuric from Gréhant’s anesthetic, 
they had no diuretic value. After having once become anuric 
these animals remained anuric. 

The following experiments are representative of this group 
and demonstrate the inefticiency of substances as diuretics which 
in a normal animal or in a nephritic animal which has not be- 
come anuric, usually induce a distinct diuresis. 

Experiment 12. On the day of the experiment this animal had an 
output of urine of 980 cc. Following Gréhant’s anesthetic the animal be- 
came completely anuric and remained anuric throughout the experiment. 
Caffeine induced a rise in general blood pressure of from 125 to 140 mm. 
of mercury without any change in kidney blood pressure. Digitalin in- 
duced a rise in general blood pressure of from 130 to 140 mm. of mercury 
with a rise in kidney blood pressure of 6 mm. of water. Sodium carbonate 
in 2 per cent solution, given in the quantity of 10 cc. per kilogram, caused 
a rise in general blood pressure of 13 mm. of mercury and a rise in kidney 
blood pressure of 16 mm. of water. The animal received 175 cc. of salt 
solution. 

Experiment 7. This animal during the first half hour period of ob- 
servation was diuretic. Following this initial stage of diuresis the animal 
became completely anuric and remained anuric, uninfluenced by the 
diuretics. 

The animal’s general blood pressure varied between 105 mm. of mer- 
cury at the commencement of the experiment to 165 mm. of mercury 
at its termination. At the commencement of the experiment the oncometer 
showed a kidney pressure of 25.3 cm. of water and at the termination a 
pressure of 32 cm. Caffeine induced a rise in blood pressure of 32 mm. 
of mercury and a rise in oncometer pressure of 16 mm. of water. Digitalin 
increased the general blood pressure of 30 mm. of mercury, and the on- 
cometer pressure 27 mm. of water, 0.9 per cent sodium chloride, 10 cc. 
per kilogram gave a rise in general blood pressure of only 5 mm. of 
mercury, while the oncometer showed an increase in pressure of 48 mm. 
of water, 2 per cent sodium chloride in the quantity of 10 cc. per kilogram 
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caused a rise in general blood pressure of 17 mm. of mercury and a rise 
in kidney blood pressure of 27 mm. of water. The animal received 248 cc. 
of salt solution. 


With the employment of other diuretic solutions in this group 
of anuric animals, such for instance as sodium sulphate and 
lithium chloride in 0.9 per cent solution, the same type of re- 
sponse was obtained in general blood pressure changes and in 
the local vascular changes in the kidney as were obtained from 
the salt solutions just described. Neither the type of salt nor 
the difference in the tonicity of the solutions which were em- 
ployed induced any diuretic effect. 

The following series of animals which did not became anuric 
from Gréhant’s anesthetic were young animals. Prior to the 
anesthetic they had been rendered nephritic by the same 
quantity of uranium per kilogram as was received by the adult 
animals; and later they received the same quantity of the anes- 
thetic per kilogram as was received by the adult animals. 

With this group of animals the experiments were conducted 
in a manner identical with the group just discussed; the same 
diuretic substances were employed; and they were given to the 
animals in this same quantity per kilogram. 

The following series of animals which did not become anurie 
retic response of the two groups. 

Experiment 18. The animal before the use of a diuretic had a flow of 
urine of 1.4 cc. per ten minute interval. Following caffeine, which in- 
duced a rise in general blood pressure of 6 mm. of mercury and in on- 
cometer pressure of only 6 mm. of water, the urine flow increased to 2.5 
ce., digitalin produced a rise in general pressure of 6 mm. of mercury 
and in oncometer pressure of 15 mm. of water. The urine flow was in- 
creased from 1.1 to 1.7 cc. per ten minute interval, following 0.9 per cent 
sodium chloride, which induced practically no change in general blood 
pressure but a rise in kidney blood pressure of 23 mm. of water; the urine 
flow increased from 2 to 4.5 cc. 


A comparative study of these two groups of experiments in 
which the animals received Gréhant’s anesthetic and in which 
one group becomes anuric and fails to respond to diuretics, while 
the other group does not become anuric and does respond to 
diuretics, fails to show any variations in the changes in general 
blood pressure which could account for the difference in the out- 
put of urine. 
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The changes in the oncometer pressure in the two groups show 
that the kidney vessels are responsive to substances acting 
peripherally on these vessels and that they also respond to 
changes in the general circulation. A general analysis, how- 
ever, of the pressure changes in the kidney induced by the dif- 
ferent diuretics in the two groups of animals shows that in the 
diuretic animals the changes in the kidney pressure are usually 
more pronounced than they are in the anuric animals. At the 
present time experiments are being conducted with the object in 
view of determining whether or not there is any constant differ- 
ence in the vascular response of the kidney vessels in the two 
types of animals. 


The difference in the renal pathology of animals anuric and 
diuretic following Gréhant’s anesthetic 

In conducting the pathological study of the kidneys from 
these two types of animals every precaution was employed to 
eliminate sources of error by using several fixing fluids for the 
tissue from each experiment and by adhering to a uniform stain- 
ing technique. 

Tissue was fixed in 10 per cent formaline, Zenker’s fluid, and 
in corrosive-acetic. The formaline and Zenker fixed tissue was 
imbedded in cellodin, while the corrosive-acetic fixed tissue was 
imbedded in paraffin. Cellodin sections were cut varying be- 
tween 10 to 15 micra while the paraffin sections used for the 
comparative study were 6 to 8 micra in thickness. The stains 
employed were haematoxylin and erosin. In addition to this, 
frozen sections were made and stained for fat by Herxheimer’s 
Scharlach R. method. As has been clearly shown by Bullard 
(4) fat proplets in considerable number may be demonstrated by 
this stain, when Herxheimer’s modification is used, which would 
be missed by the simple alcoholic solutions of Scharlach R. and 
of Sudan. III. 

The following pathological report should be considered as a 
summary of the essential differences in the kidneys of these two 
two types of animals. A detailed discussion of the pathology 
will be published elsewhere. 

In adult animals which had been rendered nephritic by uran- 
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ium and killed by shooting, so as to eliminate the effect of the 
anesthetic, the kidney shows in the gross a severe congestion of 
the outer cortex and of the medulla. Between the cortico- 
medullary boundary zone and the superficial portion of the cor- 
tex there is a mid zone which appears distinctly pale as con- 
trasted with other portions of the kidney. 

In young animals which have been subjected to a similar ex- 
perimental technique, this pale zone of the cortex is either ab- 
sent, or is much less pronounced, while in general the cut sur- 
face of the kidney appears uniformly and severely congested. 

The histological study of tissue from the kidneys of these two 
groups of animals which have not received an anesthetic shows a 
vascular reaction which is manifested by an engorgement of the 
glomerular vessels, but without any intro-glomerular or inter- 
tubular exudate. The epithelium of the tubules shows a shrink- 
age which gives to the lumen of the tubules an unusual promi- 
nence (figure 1 and 2). Thus far the grosser pathological 
changes in the two groups of animals are similar. The changes, 
however, differ very strikingly in this respect. The adult ani- 
mals show a high degree of fatty degeneration in the tubules of 
the medullary rays and in the distal convoluted tubules, while 
tissue from the kidneys of the young animals show this fatty 
change to a much less extent, though when it develops the same 
tubules are involved. This is one of the striking differences in 
the pathological response of these two groups of animals. 

When adult animals and young animals are anesthetized by 
the same quantity of Gréhant’s anesthetic per kilogram, the 
gross and microscopic pathology of the kidneys shows the fol- 
lowing differences. 

In the adult animals the cut surface of the kidney does not 
show such a severe congestion and the mid-cortical zone of pale- 
ness has perceptibly increased in distinctness and extent. The 
microscopic study shows that the fatty changes which have 
been induced by the uranium have been very greatly increased 
by the anesthetic and that the pale zone of the cortex is, in part, 
due to these changes. As a result of the effect of the enesthetic 
the epithelium of the tubules of the labyrinth, especially the 
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proximal convoluted tubules, has become acutely swollen, with 
a part or complete occlusion of the tubular lumen. The epi- 
thelium is in various stages of degeneration and necrosis (fig. 
3). The rapidity with which this swelling develops is remark- 
able. 

In the kidneys of the young animals following Gréhant’s anes- 
thetic, the same type of changes are induced, but to a much less 
extent. Thus there develops in the cortex a pale zone which is 
much less extensive than in adult animals and microscopically 
the fatty changes in this zone are found to be less pronounced. 
Equally noticeable as the difference in the fat content (micro- 
scopically demonstrable) is the difference in the degree of 
involvement of the tubules of the labyrinth. In the young ani- 
mals which have remained diuretic the severe grade of swelling 
of the epithelium which was so noticeable in the adult animals 
is comparatively slight or absent (fig. +). 


The difference in the renal pathology of animals anuric and diu- 
retic following morphine-ether 


With two exceptions these animals following morphine-ether 
remained diuretic. 

The diuretic group was composed of both young and adult 
animals. In this group uranium induced the same type of 
changes as have been described in the animals which were given 
Gréhant’s anesthetic. When, however, morphine-ether was em- 
ployed as the anesthetic, the fatty changes which had been in- 
duced by the uranium were not increased to a degree comparable 
to the increase in these changes which followed Gréhant’s anes- 
thetic, and also the acute swelling of the epithelium of the 
tubules of the labyrinth was either absent or much less marked 
(fig. 5). 

The exceptions to this statement are found in two animals 
which were very old; and these animals following morphine- 
ether showed a pathological response on the part of the kidney 
which was comparable to the pathology seen in the kidneys of 
the adult animals which received Gréhant’s anesthetic, and like 
these animals they were rendered anuric. 
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GENERAL DISCUSSION OF THE EXPERIMENTAL DATA 


The metabolic disturbance which is induced by uranium and 
which in part is characterized by the development of a glyco- 
suria is usually explained by assuming that this substance like 
hydrocyanic acid induces the glycosuria by lessening internal 
respiration. 

In the experiments conducted by Chittenden and Hutchinson 
(5) on the influence of uranium salts upon the activity of cer- 
tain ferments they were able to show that the nitrate exerted an 
inhibitory effect upon the ferment action of saliva and of pepsin. 
This inhibition was induced by the nitrate in very high dilu- 
tions. An inhibitory effect on the ferment action of saliva was 
brought about with dilutions of the salt in 0.0001 to 0.003 per 
cent strength while the inhibition of the protelytic action of 
pepsin required the use of the salt in stronger solutions. The 
action of this ferment was inhibited when uranium nitrate 
was used in the strength of 0.01 per cent, and all action 
ceased when the strength of the solution increased to 0.5 
per cent. 

It is possible that uranium nitrate exerts a similar inhibi- 
tory effect upon the action of the oxidative enzymes of the 
cell, and that through this action internal respiration, even in 
the presence of abundant oxygen, is interfered with. The 
lessened oxidation so induced would explain the glycosuria 
that is constantly seen following uranium injections. 

Granting that such a hypothetical explanation for the uran- 
ium glycosuria be true, the experiments which have been con- 
ducted in this investigation would tend to show that the oxi- 
dative capacity of the young animals is greater than that of 
the adult animals, for when these two groups of animals have 
received uranium nitrate in the same quantity per kilogram 
the percentage of glucose in the urine of the young animals is 
much less than is the percentage in the urine of the adult 
animals. 

When we consider the unusual demand for activated oxy- 
gen which likely exists in the tissues of rapidly growing 
young animals, we see that such an assumption concerning 
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the relative oxidative capacity of voung and adult animals is 
not especially visionary. 

In addition to the evidence of a disturbed metabolism that 
is manifested by the appearance of glucose in the urine, the 
use of uranium also induces fatty changes in the kidney and 
in the liver. So far as their severity is concerned these 
changes bear the same relation to the age of the animal as 
was seen to exist for the percentage of glucose in the urine. 
The fatty changes in the liver and in the kidney are much 
more pronounced in the adult animals than they are in the 
young animals. 

When these nephritic and glycosuric animals are given an 
anesthetic, those changes, of whatever origin they may be, 
which have been induced by the uranium injections become 
greatly augmented. The percentage of glucose in the urine is 
increased, the fatty changes in the kidney and in the liver are 
more marked, and the nephritis is so increased in severity that 
certain of the animals rapidly develop an anuria. 

These changes which are induced by the anesthetic are also 
influenced by the age of the animal, and they are found to be 
more pronounced in the adult animals than they are in the 
young animals. An observation similar to this has been made 
by Whipple (6), who was able to show that chloroform in- 
duced but slight fatty degeneration and liver necrosis in young 
pups, while in adults a marked central hyaline necrosis of 
the liver was induced. 

Not only does the age of the animals influence the severity 
of the action of the anesthetic, but the type of anesthetic em- 
ployed also aids in determining the severity of its effect. 

Of the two anesthetics which were used in the experiments, 
Gréhant’s anesthetic gave more evidence of being toxic and 
had more effect in increasing the severity of the nephritis 
and in establishing a condition of anuria. 

The active anesthetic ingredients in Gréhant’s anesthetic 
are chloroform and alcohol, and from the observation which 
has just been made, it would appear that of the two anes- 
thetics, Gréhant’s and morphine-ether, Gréhant’s which con- 
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tains choloform and alcohol is far more toxic in a nephritis 
than ether. This would be especially true in those nephri- 
tides in which the parenchymatous element of the kidney is 
principally involved. 

A study of the response of the nephritic kidney to diuretics, 
shows that the efticiency of a given diuretic very largely de- 
pends upon the age of the animal, and upon the anesthetic 
which has been employed. Thus young and adult animals 
nephritic from uranium, when anesthetized with morphine- 
ether, remain diuretic to the substances which have been used 
in the experiments. ‘The same statement holds true for the 
young animals which were anesthetized with Gréhant’s anes- 
thetic. When, however, an adult animal nephritic from uran- 
ium is anesthetized with Gréhant’s anesthetic the animal be- 
comes anuric and remains refractory to the diuretic substances 
which have induced a free diuresis in the other animals. <A 
similar condition of anuria with a failure to respond to the 
diuretics has been observed in two old animals anesthetized with 
morphine-ether. 

The renal pathology which is characteristic of this anuric 
group consists in a rapid swelling and necrosis of the epi- 
thelium, especially of the proximal convoluted tubules. 

A physiological study of this anuriec group shows that the 
anuria is net dependent upon a general condition of low blood 
pressure. The degree of response of the renal vessels to sub- 
stances acting locally in the kidney and through changes in 
the general blood pressure is certainly sufficient to influence 
diuresis in a normal kidney. When compared with the de- 
gree of response on the part of the renal vessels in the diuretic 
animals, it would appear that it was sufficient to induce diuresis 
in these anuric animals. In the anurie group however, with the 
pronounced swelling of the epithelium which is constantly 
present, the quantity of blood reaching the glomeruli and the 
rate of blood flow through the kidney must be to some extent 
interfered with. This is likely a part of the explanation for 
the anuria. 

With this cause for the anuria in mind, in these animals 
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which had remained anuric to diuretics, such as caffeine and 
0.9 per cent sodium chloride, hypertonic salt solutions were 
employed with the object in view of inducing a shrinkage of 
the swollen cells and by removing any obstruction to the renal 
circulation and at the same time by removing any mechanical 
obstruction to the flow of the urine through the partly or com- 
pletely occluded tubules to induce a diuresis. 

When such hypertonic solutions were used, it was found pos- 
sible to induce a shrinkage of the epithelium (fig. 6). With 
such a change in the size of the epithelial cells which would 
tend to decrease the volume of the kidney, the oncometer 
showed an increase in kidney volume. ‘Lhis rise in kidney 
pressure is likely due to the dilator effect of the hypertonic 
solutions on the renal vessels. With this change im the ves- 
sels, increasing the quantity of blood reaching the kidney and 
with the epithelium shrunken the circulation through the 
kidney should be distinctly improved. Even through such a 
change in the renal circulation had apparently been induced, 
the animals remained anuric. Whether or not we have in 
this anuric type of nephritis, as suggested by Pearce (7), a 
condition of the vessels which allows dilatation, but in which 
the vessels are so influenced by the anesthetic as to cause de- 
creased glomerular permeability, it is ditticult to say. 

In three animals of this anuric group the use of salt solu- 
tion caused a well marked inter-tubular exudate to be pro- 
duced. ‘This observation would tend to decrease the proba- 
bility of Pearce’s explanation for the anuria, for it shows 
that some of the vessels are permeable to salt solution. 

The salt solutions were also employed as diuretics for the 
purpose of renderering the blood more hydremic and at the 
same time of decreasing its viscidity. These changes in the 
blood had no effect in re-establishing a urine flow. 


In conclusion, it would appear that in a uranium nephritis 
when following an anesthetic the epithelium becomes severely 
damaged, the animal develops an anuria uninfluenced by diu- 
retics which increase the efficiency of the vascular mechanism 
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of the kidney, and which so alter the composition of the blood 
as to favor diuresis. 

The investigation would, therefore, tend to favor the con- 
ception of the kidney’s activity being more dependent upon 
the secretory capacity of its cells than upon any mechanical 
conception of the action of the vascular mechanism of the 
kidney. 

CONCLUSIONS 

1. In dogs in which an acute nephritis has resulted from 
the subcutaneous administration of uranium nitrate in the 
dose of 6.7 mys. per kilogram the severity of the nepritis, of the 
glycosuria, aud of the polyuria is influenced by the age of the 
animal. ‘The changes in the kiduey and in the urine are more 
marked in adult animals than they are in young animals and in 
puppies. 

2. When such nephritic, glycosuric, and polyuric animals are 
anesthetized by Gréhant’s anesthetic or by morphine-ether, the 
severity of the nephritis is increased, and the output and compo- 
sition of the urine is changed. 

3. The increase in the severity of the nephritis is more 
marked from the use of Gréhant’s anesthetic, the active anes- 
thetic ingredients of which are chloroform and alcohol, than 
from morphine ether. 

4. In addition to the fact that the type of anesthetic influ- 
ences the renal pathology the age of the animal also aids in 
determining the severity of the changes. The changes are more 
pronouncel in adult and old animals than in young animals and 
puppies. 

5. Following the anesthetic these nephritic animals either be- 
come anuric or remain diuretic. 

6. In the anuric group, which is principally represented by 
the adult animals which have received Gréhant’s anesthetic, the 
condition of anuria is influenced by various diuretics. 

7. The failure of this group to respond to diuretics is more 
likely due to the destruction of the epithelium of the kidney 
than to any physiological or anatomical change in the vascular 
element of the kidney. 
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8. Those animals that following the anesthetic are not ren- 
dered anuric are responsive to the same diuretic substances 
which in the anuric group have been shown to have no diuretic 
value. 

9. In this diuretic group of animals, regardless of whether the 
anesthesia has been induced by Gréhant’s anesthetic or by mor- 
phine-ether, the epithelial involvement of the kidney is much 
less severe than in the anurie group. 

In conclusion I desire to acknowledge my indebtedness to Dr. 
J. P. Jones for his valuable aid in conducting the experiments. 

Cuapet Hint, N. C. 
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EXPLANATION OF PLATE 


1. Kidney of an adult animal, nephritic, glycosuric and polyuric from 
uranium. The epithelium is shrunken and gives to the lumen of the tu- 
bules undue prominence. The epithelium shows an early vacuolation. 
The glomerular vessels fill the capsular space. The tubules contain granu- 
lar detritus. 

2. Kidney of a puppy, nephritic, glycosuric and polyuric from uranium. 
The changes in general are similar to those seen in figure 1. 

3. Kidney of an adult animal following Gréhant’s anesthetic given in 60 
per cent strength. Prior to the anesthetic the animal was excessively poly- 
uric. Following the anesthetic, within forty minutes, the animal became 
completely anuric. The figure shows the acute swelling of the epithelium 
with an occlusion of the lumen of the tubules. The epithelium of the be- 
ginning of the collecting tubules is spared. These tubules remain open. 
The glomerular vessels do not fill the capsular space. This figure should 
be compared with figs. 1 and 4. 

4. Kidney of a puppy following Gréhant’s anesthetic. The animal had 
been rendered nephritic with the same quantity of uranium per kilogram 
as had been used for the adult animal, figure 3. The puppy was anes- 
thetized with the same quantity of Gréhant’s anesthetic per kilogram as 
was the adult animal. The figure shows the absence of. epithelial involve- 
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ment. The tubules are not occluded. The glomerular vessels fill the 
capsular space. The animal was freely diuretic. 

5. Kidney of an adult animal following morphine-ether as an anesthetic, 
nephritic from uranium. The animal remained freely diuretic. 
The figure shows the absence of the acute swelling of the epithelium, which 
was the most characteristic change in the figure from the adult animal 
anesthetized with Gréhant’s anesthetic. 

6. Partial shrinkage of the epithelium in an adult anuric animal from 
the use of hypertonic salt solution. The epithelium is in an advanced 
stage of degeneration. The glomerular vessels fill and distend the capsule 
and are histologically well preserved. The animal remained anuric. 

Cuapet Hint, N. C. 




















